Despite extensive research towards the development of assays for the screening of cancer in the population, optimal solutions are not yet available. It has recently been demonstrated that the concurrent detection of a set of markers, instead of a single one, has a higher correlation with tumor development. Beyond multi-marker detection, additional relevant features for the next generation of cancer biosensors are their ease of use, portability, and possibility to provide real-time data while measuring in complex matrices. Sensors based on electrochemical techniques are likely to fulfill such requirements, and thus will probably play an important role in the evolution of medical screening tests. We report a novel electrochemical measurement technique derived from chronoamperometry, which has many advantageous features for the detection of the binding of proteins at interfaces. It is based on the addition of a large electrical resistor in series with the working electrode of the electrochemical measurement cell. The resistor serves to make the electrochemical characterization independent of the bulk electrical resistance in the cell solution. This technique leads to the characterization of the electrical capacitance of an interface. The measurement is commonly operated so that no faradaic reaction takes place, so the measurement itself should not cause any modification of the interface that would lead to time drifts in the measurement. As the electrochemical measurement can be implemented with microelectronics, such a biosensor is amenable to miniaturization and parallelization: its possible two-electrode implementation, on which we are working, is even more easily amenable to such development. We have optimized a strategy that makes use of impedance electrochemical spectroscopy (IES) in order to characterize the optimal operational parameters for measuring the electrical interface capacitance. IES is an advanced electrochemical technique that can provide a full interface characterization, albeit by employing complex and expensive instrumentation, lengthy data acquisition and data interpretation. IES provides a frequency analysis of the interface behavior. The modified chronoamperometry technique that we propose is intimately related to IES as it also employs a time-varying electrical potential and the measurement of a time-changing current signal. We have employed IES to investigate the potential frequency range of maximum signal variation on the sensing electrode interface, so that we can set our chronoamperometry measurement to work at such frequency simply by changing the introduced electrical resistor. We have recently demonstrated this approach experimentally by measuring the electrical capacitance change due to adsorption of bovine serum albumin (BSA) on the surface of an ultra-flat clean gold electrode. A single IES experiment can define the optimal frequency range of a type of interface, which can then be used to implement sensors for an unlimited number and unlimited types of analytes. We could measure a 20% change in capacitance after BSA binding, i.e., a large signal in a system such as ours that can sport a 1% resolution. In the same conditions, the measured capacitance proved independent of the presence of proteins that are not binding to the surface (up to 100 µM concentration of proteins). The operational strategy that we have sketched here could be applied to diagnostic screening tests based on electrochemical measurements. In these, the specific interface derivatization would lead to specific binding of the analyte of interest, such as a circulating cancer marker, while also having a very low affinity for other molecules present in the specimen matrix. We are currently optimizing a class of interfaces based on mixed oligoethyleneglycol self-assembled monolayers that seems very promising towards such an important goal. Our electrochemical chronoamperometry method already proved effective in detecting the self-assembly of such monolayers.
